J Nutr Sci Vitaminol, 60, [9] [10] [11] [12] [13] [14] [15] [16] 2014 Vitamin A deficiency is common throughout the poorer parts of the world and causes night blindness. Severe vitamin A deficiency can result in xerophthalmia, a disease which, if left untreated, results in total blindness (1) . Milk is the primary source of nutrition and protects the vulnerable neonate from vitamin A deficiency. Human milk from well nourished, vitamin A adequate mothers typically drops from 26 mol L 21 in colostrums to 3-5310 26 mol L 21 in transitional milk to 1.4-2.6310 26 mol L 21 in mature milk. These levels are enough to meet the infant's immediate metabolic needs while also supporting the development of adequate vitamin A stores (2, 3) . Vitamin A deficient mothers, however, produce milk that is low in the vitamin with an average of 1310 26 mol L 21 (4) . This level appears to be sufficient to meet an infant's immediate metabolic requirements, as breast fed infants of vitamin A deficient mothers are largely protected from xerophthalmia (5) .
The most widely used assay for vitamin A was the Carr Price colorimetric procedure (6) . The chemistry was based on the formation of a blue complex between antimony trichloride or trifluoroacetic acid and retinol in chloroform and the absorbance was monitored at 620 nm. The deficiencies of this method include lack of specificity and color stability, and careful control of procedural steps, and involves corrosive and carcinogenic reagents during the assay, but the method is still used throughout the world. Several other techniques have been reported for the determination of vitamin A in diverse samples including spectrophotometry/colorimetry (7-10), voltammetry (11) , fluorimetry (12) , high performance capillary electrophoresis (13) and high performance liquid chromatography (14) (15) (16) .
Chemiluminescence (CL) is the production of electromagnetic radiation observed when a chemical reaction yields an electronically excited intermediate or product, which either emits luminescence or transfers its energy to another molecule of the emission (17) . The main attractions of CL for biochemical and environmental analysis are a wide calibration working range, extremely low limits of detection and ease of automation (18, 19) . Several excellent and comprehensive reviews based on CL determinations coupled with flow injection techniques have been reported, combining the advantages of instrumental simplicity, rapidity and high reproducibility in signal detection, and being appropriate for on-line analysis of biochemical, environmental, pharmaceutical and food samples (20, 21) .
The luminol-periodate CL system has been used extensively with flow injection (FI) systems due to the high stability of the periodate solution, the lack of generated bubbles in the tubes of the FI system, and the ability to oxidize luminol to produce strong CL emission (22) . The proposed common enhancement mechanism of a luminol-periodate-enhancer CL system was that various organic compounds were first oxidized to produce reactive oxygen species, such as O 2 · 2 , · OH, H2O2 and 1 O2. The oxidation reaction of luminol was accelerated by the reactive oxygen species; thus, the CL emission was enhanced (23, 24) .
In our previous communications, we have reported the determination of retinol and tocopherol in pharma- . The key chemical and physical variables (reagent concentrations, flow rates, sample volume, and photomultiplier tube (PMT) voltage) were optimized and potential interferences were investigated. The method was successfully applied to human milk, fresh cow's milk and infant milk-based formulas and the results were in good agreement with the previously reported HPLC method. A brief discussion on the possible CL reaction mechanism is also presented. Key Words flow injection analysis, chemiluminescence, vitamin A, human milk, nutritional assessment ceuticals and blood serum utilizing the potentials of FI based on Ru(bipyl)3 21 -Ce(IV) (25) , acidified KMnO4-HCHO (26), lucigenin-NaOH-Brij-35 (27) and luminol-V(IV) (28) CL systems. In this manuscript, an FI method for the assay of retinyl acetate has been described based on its enhancing effect on the luminol-periodate CL reaction in an alkaline medium, which offered a simple apparatus and rapid means of detection. The increase in CL intensity was correlated with the retinyl acetate concentration ranging from 1.0-100310 27 mol L 21 and the method has been successfully applied to the determination of vitamin A in various milk samples. ) were prepared by dissolving the appropriate quantities of retinyl acetate (C22H32O2, Mw 328.49), retinoic acid (C20H28O2, Mw 300.44) and retinol (C20H30O, Mw 286.45, Fluka/Sigma, St. Louis, MO) in absolute methanol, stored in the refrigerator at 4˚C, protected from the light, and working standards were prepared by serial dilution with methanol (0.5% v/v) when required.
EXPERIMENTAL
For the interference study, stock solutions (13 10 23 mol L
21
) of b-carotene, ionone, vitamin K1 and D3, cholesterol (Fluka), dl--tocopherol and dl--tocopherol acetate (MP Biochemicals, Eschwege, Germany) were prepared in methanol (Fisher Scientific), stored in the refrigerator at 4˚C and protected from the light. Sucrose, glucose, starch (Merck, Darmstadt, Germany) and various anion and cation (BDH, Poole, UK) solutions were prepared in UHP water from analytical reagentgrade water-soluble salts. Working standard solutions were prepared from these stock solutions in methanol (0.5% v/v) as required for the interference study.
Instrumentation and procedures. Figure 1 illustrates the flow-injection chemiluminescence (FI-CL) system used in this work. A peristaltic pump (4 channels, Ismatec, Glattbrugg, Switzerland) was used to deliver all solutions, each at a flow rate of 2.0 mL min
. A sixway rotary injection valve (Rheodyne 5020, Anachem, Luton, UK) with a 120 mL sample loop was used to introduce vitamin A standard into the aqueous methanol (0.5% v/v) stream. This stream was then merged with the sodium periodate (2.5310 24 ) in sodium hydroxide (1.0310 24 mol L
) and luminol (1.0310
, pH 12) streams. The mixed solution was delivered to the CL glass spiral flow cell (2.0 mm i.d., 25 mm dia) positioned in front of an end window photomultiplier tube (PMT 9798B, Electron Tubes, Ruislip, UK). The PMT, glass coil and T-piece were enclosed in a light-tight housing. The PMT was kept at 950 V via a power supply (PM20SN, Electron Tubes, Uxbridge, UK) and the PMT output was recorded using a chart recorder (BD 40, Kipp & Zonen, Delft, the Netherlands). PTFE tubing (0.8 mm i.d.) was used in the flow system. Saponification and extraction. Human milk 25 mL, cow's milk 20 mL and infant based-milk powder 10 g were mixed with 50 mL CH3OH and 20 mL KOH solution (60% w/v in UHP water) separately. Each sample was heated at 45-55˚C with intermittent mixing for 2 h. The extraction was performed with n-hexane (4.035.0 mL), vortexed and subsequently centrifuged at 4,000 rpm for 15 min. The upper organic layer was accurately removed by a pipette into a tube and the solvent was evaporated to dryness under a nitrogen stream at 40˚C. The residue was then dissolved in an appropriate volume of absolute methanol, and from this stock solution, appropriate samples were prepared by suitable dilution with methanol (0.5% v/v) and the analytical determination of retinol was made under the optimum conditions. 
RESULTS AND DISCUSSION

Kinetics curve
The kinetic characteristics of the proposed CL reaction were studied by using the batch method. In this work, it was observed that the luminol-sodium periodate CL reaction could be strongly enhanced by retinyl acetate in an alkaline medium. The typical response curve (intensity vs times) is shown in Fig. 2 . The result demonstrates that the CL intensity increased rapidly at ca 6 s after the retinyl acetate solution was injected and reached a maximum in ca 12 s. The intensity became weaker and was almost at base line after 35 s. The kinetic curve indicated that the CL system was sensitive and suitable for performing the determination of retinyl acetate.
Optimization studies
To establish the optimum reaction conditions for the determination of retinyl acetate, the effect of various chemical and physical parameters on the CL intensity were examined by a univariate approach. These parameters include borate buffer pH; luminol, sodium periodate and sodium hydroxide concentrations; flow rates of all streams; sample injection volume and PMT voltage. The results are summarized in ) and all measurements were performed in triplicate.
Effect of pH on luminol CL reaction
It is well known that the efficiency of luminol CL is particularly dependent on the reaction pH and exhibits stronger emission under alkaline conditions (29) . During the preliminary experiments, various buffers (carbonate and borate) and sodium hydroxide solution were examined. Borate buffer was found suitable and used for all further studies due to the steady baseline and reproducible CL signals for the luminol reaction. Therefore, the effect of borate/NaOH buffer pH was examined in the range of 10-12.5. Maximum CL emission was observed at pH 12.0, above which the CL emission decreased and therefore borate buffer (0.1 mol L
21
, pH 12) was selected and used for subsequent studies.
Effect of luminol concentration
The effect of luminol concentration on the determination of retinyl acetate was examined in the range of 1.0310
, pH 12). The result showed that the CL signal increased with increasing luminol concentration; however, the CL signal of the blank became very strong when the luminol concentration was higher than 1.0310
24 mol L 21 with poor reproducibility. Based on the CL intensity and luminol consumption, the luminol concentration of 1.0310 24 mol L 21 was therefore selected and used for further experiments.
Effect of media and sodium periodate concentration
Considering the enhancing and stability effect of sodium hydroxide on the CL signal, the effect of sodium hydroxide concentration was examined in the range of 1 . Lower or higher concentration of sodium hydroxide caused a decrease of the CL signal. Therefore, a sodium hydroxide concentration of 1.0310 24 mol L 21 was used for all further studies for higher CL intensity and better reproducibility.
The effect of sodium periodate concentration on the CL signal was examined in the range of 1.0310
23 mol L
21
. It was observed that the CL signal increased with increasing sodium periodate concentration up to 2.5310 24 mol L 21 and further increase in sodium periodate concentration resulted in a decrease in CL intensity. Therefore, a sodium periodate concentration of 2.5310 24 mol L 21 was chosen and used subsequently.
Effect of physical parameters
The effect of flow rates and sample volume on the CL determination of retinyl acetate was examined in terms of the sensitivity, reagent consumption and sample throughput and the results are given in Table 1 . A flow rate of 2.0 mL min 21 gave the maximum CL intensity (range studied 0.5-3.5 mL min
21
) with reproducible peak height and was used subsequently for all three channels. A sample injection volume of 120 mL gave maximum CL intensity (range studied 60-300 mL) and was used for all further studies. The effect of PMT voltage in the range 800-1,100 V was examined for maximum signal-to-noise. The CL emission increased linearly with PMT voltage but 950 V was used for all further experiments giving a suitable signal-to-noise ratio.
Analytical figures of merit
Under the selected conditions as above, the calibration graphs of CL increment versus retinyl acetate, retinol and retinoic acid concentrations were linear in the range 1.0-100310 27 mol L 21 and the regression coefficient equations were I57.3885c113.102 
Interference study
Using the optimized FI-CL manifold, the effect of some anion and cation and other possible coexisting compounds in the fresh human and infant milk-based formulas was examined on the blank (in the absence of retinyl acetate) and on the determination of retinyl acetate (5.0310 27 mol L
21
). Na
, Cl 2 , NO3 2 , SO4 22 and PO4 32 (200-fold), sucrose, glucose and starch (100-fold), retinyl palmitate, tocopherol acetate, vitamin D3 and K1 and cholesterol (20-fold) had no significant effect on the blank and on the determination of retinyl acetate. b-Carotene, -tocopherol and ionone (2-fold) had a slightly enhancive effect on the determination of retinyl acetate.
Analytical applications
Twenty fresh, mature, human milk samples from mothers with healthy infants were collected for analysis from the children's ward, Civil Hospital Quetta. Ten fresh cow's milk and five infant based-milk samples were also collected from a local market and analyzed. The samples were protected from light by wrapping tubes and flasks with aluminum foil. Vitamin A occurs in milk as a retinyl ester, located in the lipid fraction. The majority of milk vitamin A is derived from retinol bound to retinol-binding protein in the serum (30) , which is esterified in the mammary gland (31) , and therefore these samples were saponified before analysis by the proposed FI-CL method and a previously reported HPLC method (14) . The results obtained are given in Tables 2-4 
Possible CL mechanism
In order to examine the possible mechanism, the UVvisible absorption spectra were recorded using a double beam UV-Vis spectrophotometer (UV-1700, Pharmaspec, Shimadzu, Kyoto, Japan). As shown in Fig. 3A and B, it can be seen that retinyl acetate has two distinct absorption peaks at about 243 and 292 nm; the lumi- nol-sodium periodate system also has two absorption peaks at 301 and 346.5 nm (curve b). Nevertheless, the light absorption of the mixed system was approximately equal to the sum of the light absorption of the two individual systems (curve c). When retinyl acetate was mixed with luminol-sodium periodate, the system absorption peaks appeared at 296 and 343 nm (curve d) which implied that no change was observed between the species after the reaction. Therefore, the enhancement of CL signals may have originated from the retinyl acetate.
The fluorescence spectra of luminol-sodium periodate reaction in the presence and absence of retinyl acetate was examined using a fluorescence spectrophotometer (RF-1501, Shimadzu). From Fig. 4 , it can be observed that the maximum emission of the three systems (luminol, luminol-sodium periodate and luminol-sodium periodate-retinyl acetate, curves a-c) were at about 406 nm. It means that the emitter of the luminol-sodium periodate-retinyl acetate system is also the 3-aminophthalate anion. Retinol is a fluorescent compound with a single fluorescent peak ((ex)5325 nm; (em)5470 nm) (33) and its fluorescence peak disappeared.
The luminol-based CL reaction is a well-known method for the detection of reactive oxygen species, such as O2 34, 35) . The results (Fig. 4) showed that the maximum wavelengths of CL emission enhanced by retinyl acetate were 406 nm. It is well known that 3-aminophthalate* is the luminophor of the system of luminol-periodate, and the maximum emission of CL reaction is at 425 nm. Therefore, the CL emitter in the both CL reactions between luminol and periodate with and without retinyl acetate is the same species, which is the oxidation product of luminol. Therefore, it is assumed that retinyl acetate could react with dissolved oxygen in alkaline solution to produce hydroxyl and/or superoxide radicals. It has also been reported that the CL reaction between luminol and KIO4 could be enhanced greatly in the presence of hydroxyl and/or superoxide radicals (23, 24) .
CONCLUSIONS
Based on the enhancing effect of retinyl acetate on luminol-sodium periodate CL reaction in an alkaline medium, a flow injection method has been developed with a low limit of detection (8.0310 28 mol L
21
) and high injection throughput (90 h
). The method was applied to the analysis of vitamin A acetate in human milk, fresh milk and infant formula based-milk samples and there was no significant difference between the two methods at the 95% confidence interval. Table 5 summarizes a comparison between the presented approach and previously reported flow based methods for the determination of retinol. The proposed method is better in terms of low detection limit, good precision (RSD 2.4-3.2%), high injection throughput, low reagent concentration, and easy assembly and operation, all factors comparing favorably with previously reported flow-based methods.
